abstract: Anti-Müllerian hormone (AMH) is exclusively produced by granulosa cells (GC) of the developing pre-antral and antral follicles, and AMH is increasingly used to assess ovarian function. It is unclear which size follicles make the most AMH (total content) and are the main contributors to circulating AMH concentrations. To determine AMH gene expression in GC (q-RT -PCR) and follicular AMH production (Elisa and RIA) in relation to follicular development, 87 follicles (3 -13 mm diameter) including both GC and the corresponding follicular fluid (FF) were collected in connection with fertility preservation of human ovaries. Further, follicle number and diameter, graded in 1 mm increments, were determined by 3D ultrasound in 113 women in their natural menstrual cycle to determine follicle number and diameter in relation to circulating AMH levels. This study demonstrates for the first time a positive association between AMH gene expression in human and both total follicular fluid AMH (P , 0.02) and follicular fluid AMH concentration (P , 0.01). AMH gene expression and total AMH protein increased until a follicular diameter of 8 mm, after which a sharp decline occurred. In vivo modelling confirmed that 5-8 mm follicles make the greatest contribution to serum AMH, estimated for the first time in human to be 60% of the circulating concentration. Significant positive associations between gene expression of AMH and FSHR, AR and AMHR2 expression (P , 0.00001 for all three) and significant negative association between follicular fluid AMH concentration and CYP19a1 expression were found (P , 0.0001). Both AMH gene expression (P , 0.02) and follicular fluid concentration of AMH (P , 0.00001) correlated negatively with estradiol concentration.
Introduction
Anti-Müllerian hormone (AMH) is a member of the transforming growth factor b-family (Pepinsky, 1988; Visser and Themmen, 2005) exclusively produced by granulosa cells (GC) of developing pre-antral and small antral follicles (Vigier et al., 1984; Donahoe et al., 2003; Weenen et al., 2004; Knight and Glister, 2006; La Marca et al., 2009) . Although many publications in recent years have demonstrated the clinical use of AMH in assessing the ovarian reserve and the likely response to controlled ovarian stimulation (La Marca et al., 2009; Broer et al., 2010; Anderson et al., 2012; Nelson et al., 2012) , the relative contributions of follicles of different sizes to serum AMH and the functional implications of changing AMH production during folliculogenesis are unknown.
AMH expression has been shown to be present in a window of follicular development from the secondary stage until a diameter of around 8-10 mm (Weenen et al., 2004; Andersen et al., 2010; Grøn-dahl et al., 2011) , corresponding with follicular selection for dominance. Using immunohistochemistry, Weenen et al. (2004) showed that AMH in human GC showed maximal expression in antral follicles ,4 mm in diameter and a gradual disappearance of AMH expression in larger follicles (Weenen et al., 2004) . Likewise, the intrafollicular concentrations of AMH in normal human antral follicles show a gradual reduction as the diameter of the follicle increases, and a sharp decline is observed at 8-10 mm , but whether the higher expression in smaller follicles (4 mm and less) means that they are the major contributors to serum AMH is unclear. Consistent with this, AMH gene expression is undetectable in GC from pre-ovulatory follicles, although it continues to be present in cumulus cells (Grøndahl et al., 2011) . The abrupt decline in AMH expression coincides with the selection of follicles for dominance. Functionally, this involves a transition from a low-estrogen producing state, when pituitary FSH production is not regulated by follicular activity, to one of rapidly increasing estrogen production which underlies the ovarian/pituitary dialogue that ensures that only one dominant follicle emerges.
The aim of the present study was to examine the production of AMH in human antral follicles, using both in vitro molecular methods and in vivo modelling to obtain more insights into the production of AMH at different stages of folliculogenesis. These data give new insights into the transition in follicle function at the time of follicle selection and emerging estrogenic activity.
Materials and Methods

Patients and collection of follicular fluid and GC from small antral follicles
Granulosa cells and follicular fluid (FF) samples were isolated from aspirates of individual small antral follicles from ovaries surgically removed for fertility preservation. Fertility preservation of the ovarian cortex was offered to women with a disease where the appropriate treatment was gonadotoxic and posed a risk of rendering her sterile. A total of 87 follicles (one to eight per ovary) from which mRNA was purified were obtained from 38 women aged 7 -38 years (median 26 years) at various times during their menstrual cycle. None of the women had any reproductive disorder and all ovaries appeared normal.
All antral follicles exposed on the surface of the ovary or visible during the isolation of ovarian cortex were collected with a 1 ml syringe with a 26-gauge needle (Becton Dickinson, Brøndby, Denmark) . To isolate the GC each aspirated follicle was centrifuged at 2000 × g for 2 min. The follicle volume ranged from 15 to 1080 ml, corresponding to 3 -13 mm in diameter. Granulosa cells and follicular fluid were snap-frozen in liquid nitrogen and stored at -808C until RNA purification or hormone measurement.
In a cohort of 395 small antral follicles, only the volume and the intrafollicular concentration of AMH were determined. These follicles were derived from 157 women/girls, the youngest being a 1-year-old baby and the oldest women aged 39 years (median 27 years) all undergoing fertility preservation. The follicles were collected and treated as stated above.
The ethical committee of the municipalities of Copenhagen and Frederiksberg approved the project [(KF)01-170/99 and H-2-2011-044] , and the patients or their parents signed an informed consent form. The concentration of AMH in some of the follicular fluid from the small antral follicles and small part of the mRNA data has previously been published Jeppesen et al., 2012a, b) .
RNA purification
Total RNA was purified for each GC sample using a combination of Tri Reagent (Sigma-Aldrich, St. Louis, MO, USA) and the RNAeasy Mini Kit (Qiagen, Hilden, Germany) to optimize the quality of the mRNA. The quality of the RNA samples were analysed using an Agilent 2100 Bioanalyzer and an RNA 6000 Pico LabChip (RNA 6000 Pico assay kit, Agilent Technologies, Waldbronn, Germany). Only samples with an RNA integrity number (RIN) higher than the internal threshold value were included in the study. Total RNA content in each sample was measured using a Beckman Coulter Du730 life science UV/vis spectrophotometer.
cDNA synthesis and qPCR analysis
First-strand cDNA was synthesized using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Carlsbad, CA, USA). Briefly, a master mix containing 2.0 ml 10× RT Buffer, 0.8 mL 25× dNTP Mix (100 mM), 2.0 ml 10x RT Random Primers, 1.0 ml MultiScribe TM Reverse Transcriptase (50 U/ml), 0.5 ml RNase inhibitor and 4.7 ml nuclease-free (DEPC) water was prepared for each 20 ml reaction. Eleven microliters of master-mix was added to 9 ml of total RNA. Samples were centrifuged briefly at 12.000 × g and then incubated at room temperature for 10 min, followed by 378C for 2 h and finally at 858C for 5 s.
Gene expression levels were evaluated by RQ (relative quantification)-PCR analysis using TaqManw technology (Applied Biosystems) and the LightCycler 480 qPCR instrument (Roche, Copenhagen, Denmark). Pre-designed AMH, AMHR2, FSHR, LHR, AR and CYP19a1 TaqManw Gene Expression Assays, as well as the Endogenous Control Assays for human b-actin and glyceraldehyde 3-phosphatdehydrogenase (GAPDH), were purchased from Applied Biosystems (Assay id-no.: b-actin:#4326315E; GAPDH:#4333764F AMH: #Hs00174915_m1, AMH-R2:#Hs00179718_m1, FSH-R:#Hs00174865_m1, A-R:#Hs00171172_m1, Cyp19a1 (aromatase): #Hs00903413). Data were quantified according to the Comparative CT Method (LightCycler480 Software, Roche); expression levels are presented as 2 2DCT normalized to GAPDH (Schmittgen and Livak, 2008) .
Hormone measurements
AMH was measured using a specific ELISA-kit according to the manufacture's instructions (DSL-10-14400; Diagnostic System Laboratories). follicular fluid samples were diluted either 1:500 or 1:3000 in the zero-standard and dilution curves proved parallel to the standard curve (Yding Andersen et al., 2008) . Inter-assay variation was 4.4% (7.6 ng AMH/ml) (n ¼ 12) and intra-assay variation was 3.3% (0.45 ng/ml) (n ¼ 5). Inhibin-B was measured using a specific ELISA-kit according to the manufacturer's instructions (The Oxford Bio-innovation kit; Biotech-IgG, Copenhagen, Denmark) with samples diluted 1:100 or 1:500 in serum obtained from a pool of five post-menopausal women who did not show any inhibin-B activity (CV , 7%).
Estradiol, progesterone, androstenedione and testosterone were initially measured using commercially available RIA kits (DSL-43100, DSL-3400, DSL-3800, DSL-4000; DSL, Webster, TX) using in-house prepared steroid-free serum for dilution. However, during the course of sample collection, the RIA assays became unavailable and it was necessary to use an alternative assay in around half the samples. Commercially available ELISA assays (NovaTec Immundiagnostica, Dietzenbach, Germany, DNOV 002, 003, 006 and 008, respectively) were used and performed according to the manufacturer's instructions. To compare ELISA and RIA results, 39 follicular fluid samples were used where enough material was present to conduct both assays. Based on highly significant linear correlations between the two types of assay (correlation coefficients for estradiol, progesterone, testosterone and androstenedione r ¼ 0.99; r ¼ 0.93; r ¼ 0.91; r ¼ 0.91; respectively), results were expressed in concentrations relating to the RIA assays.
The limited volume of most of these samples did not allow remeasurement when the first result was below the detection limit of the assay. Therefore, not all data are available for all the included follicular fluid samples: the actual number of measurements is given in each figure and table.
Ultrasound data
A total of 113 women about to have their first IVF cycle were recruited as previously described (Jayaprakasan et al., 2010) . They were aged ,41 years, had regular menstrual cycles, had no history of ovarian surgery and did not have ovarian cysts. They had a variety of causative factors for their subfertility, including tubal disease (27 subjects; 23.9%), endometriosis (seven subjects; 6.2%), male factor (43 subjects; 38.1%), combined factors (three subjects; 2.7%) and unexplained subfertility (33 subjects; 29.1%). The participants underwent venepuncture and a pretreatment 3D transvaginal ultrasound examination in the early follicular phase (days 2 -4) of a spontaneous menstrual cycle. All ultrasound scans were performed by a single investigator (KJ) using a Voluson Expert-730 (GE Medical Systems, Zipf, Austria) and a three-dimensional, 5 -9 MHz transvaginal probe. Follicles were initially identified automatically by sono-AVC (GE Medical Systems), which provides an automated mean diameter calculated from the actual volume of the follicle by using the formula for the volume of a sphere. Post-processing was then done manually by scrolling through the 3D ovarian volume to ensure that all follicles were included and then subdivided into cohorts according to their mean diameter: ≤2 mm, 2.1 -3 mm, 3.1 -4 mm, 4.1 -5 mm, 5.1 -6 mm, 6.1 -7 mm, 7.1 -8 mm, 8.1 -9 mm and 9.1 -10 mm. Serum AMH was measured using the DSL ELISA, as described above. The study received Ethical committee approval and written informed consent was obtained from all women.
Statistics and modelling
For evaluation of a possible correlation between the levels of the measured substances, the Spearman correlation coefficient test (SC) was used. One-way analysis of variance (ANOVA) was used when the number of groups exceeded two and student's t-test was used as a post-hoc test when the ANOVA proved statistically significant. A P-value of ,0.05 was accepted as statistically significant. To calculate the relative contribution to serum AMH by each follicle cohort (graded in single mm increments), we related serum AMH for each woman to the number of follicles in each cohort and a factor for the AMH contribution from each follicle of that cohort. A general linear regression model was used for analysis of AMH concentrations by follicle cohorts within each woman: AMH = a 2 AFC 2 + a 3 AFC 3 + · · · + a 10 AFC 10 which relates AMH levels to a weighted linear combination of antral follicle counts (AFC). AFC i denotes the number of AFCs of size i millimetres (e.g. i ¼ 3 indicates follicles measuring 2.1 -3 mm diameter) and a i denotes the computed coefficient value that minimizes the predictive error when applied to every subject. The general linear regression model using the R open-source statistical analysis package was initially determined using individual follicle cohorts. A subsequent analysis was performed after grouping into 3 contiguous sizes (,5 mm, 5.1 -8 mm, .8 mm).
Since a large and positive coefficient for a generalized linear regression model need not correspond to a small P-value and since a small P-value can be obtained for coefficients that have an insignificant effect on the model, our results were inspected for collections of follicle cohorts that (i) had the largest positive coefficient, thereby having the largest relative effect on the model and (ii) had the smallest P-value indicating that the large effect is unlikely to be due to chance. Estimates for the relative contributions to AMH levels of antral follicles of different sizes were obtained by positing that the majority of AMH is produced by antral rather than preantral follicles and using the sizes of the coefficients in a generalized linear regression model that only considers the contribution of antral follicles.
Results
In vitro data: AMH gene expression
There was a significant positive association between the mRNA expression of AMH in GC and the concentration of AMH in the corresponding follicular fluid (P , 0.01) ( Table I ). The total content of AMH in each individual follicle (ng) also showed a significant positive association with the corresponding mRNA expression of AMH in the corresponding GC (P , 0.02)(data not shown).
AMH gene expression in GC from 87 follicles was readily detectable in follicles of 7 mm or less in diameter, but dropped to almost undetectable levels in GC from follicles exceeding 8 mm in diameter (Fig. 1 ). Due to a very limited number of antral follicles exceeding 8 mm in diameter, there are no significant differences between the group exceeding 8 mm in diameter and the other groups, but a strong tendency is seen.
AMH gene expression showed a highly significant positive correlation with gene expression of AMHR2 (Table I and Fig. 2 ) and with AR and FSHR gene expression (Table I and Fig. 2) (P , 0.00001 for all three), while there was no significant correlation with the gene expression of CYP19a1 (Table I) . AMH gene expression showed a significant inverse correlation with corresponding follicular fluid concentration of estradiol and positive correlations with follicular fluid concentrations of testosterone and progesterone, and no relationship with follicular fluid androstenedione (Table I ).
In vitro data: AMH protein expression
The content of AMH in follicular fluid of 395 follicles in relation to follicular diameter showed a distinct peak at 8 mm with a steady rise leading up to that size and a more abrupt decline in larger follicles, while the intrafollicular concentrations are concomitantly reduced with a sharp decline at 8 mm (Fig. 3) .
The average concentration of AMH in follicular fluid from 87 human small antral follicles was 820 + 62 ng/ml (mean + SEM). Highly significant negative correlations between the protein level of AMH (FF) and the corresponding gene expression of CYP19a1 and the follicular fluid concentration of estradiol were found (both P , 0.0001) (Table II) . Further significant negative associations were found with follicular fluid concentrations of progesterone and inhibin-B (Table II) . No significant correlations were found, however, between the protein levels of AMH (FF) and FSHR, AR or AMHR2 expression (Table II) .
In vivo modelling
Data from a total of 1463 follicles in 113 women were analysed with further statistical analysis (Jayaprakasan et al., 2010) . Initial analysis using single-millimetre follicle diameter increments demonstrated a significant relationship between the number of follicles 5.1-6 mm (P ¼ 0.003) in diameter and a non-significant relation between the number of follicles 7.1 -8 mm in diameter (P ¼ 0.086) and serum AMH concentration (Table III) , whereas other follicle groups failed to show significant relationships with AMH. As this might reflect the power of the analysis (many women had no follicles within several cohorts when analysed at such a high resolution), follicle size ranges Which follicles make the most AMH?
were also grouped into ≤5 mm; 5.1-8 mm and .8 mm cohorts. This analysis demonstrated that the medium-sized cohort of antral follicles (5.1 -8 mm) showed a highly significant relationship with serum AMH (P , 0.0001), whereas the cohort of small follicles (,5 mm) showed a modest relationship that approached statistical significance (P ¼ 0.056), and there was a negative but non-significant association between the large follicle cohort and AMH (P ¼ 0.3) (Table III) .
Relative contribution analysis indicated that about 60% of circulating AMH is produced by medium-sized antral follicles. Accurate estimates of the proportion of AMH produced by small and large antral follicles could not be produced from our data, but estimates of 15-20% for large and 20-25% for small sized follicles are likely ranges.
Discussion
To our knowledge, this is the first study to integrate information of AMH gene expression by granulosa cells from normal human antral follicles, with the total follicular content of AMH protein in these follicles and in vivo modelling studies to determine that 5-8 mm human follicles contribute the most to the concentrations of AMH measured in circulation. A significant association was found between the intrafollicular mRNA expression of AMH in GC and AMH protein level in the corresponding follicular fluid in a large number of individual antral follicles from normal human ovaries. Clear relationships with increasing estrogenic activity, reflecting maturational progression towards selection for dominance and ultimately ovulation, are demonstrated. The significant association between gene expression on one side and both the follicular protein concentration and the total protein content of AMH suggests that protein concentration indeed reflects gene expression. Therefore, the follicular fluid concentration of AMH is likely to reflect synthesis at that particular stage of follicular development, rather than an accumulation of previously synthesized protein. There were no effect of the age on the gene expression and follicular fluid measurements (Spearman).
Given that the follicular fluid AMH concentration reflects AMH gene activity in the GC, the present study provides several lines of evidence to suggest that follicles 5-8 mm in diameter contribute the most to the concentration of AMH found in circulation. The total AMH content per follicle clearly peaks at a diameter of 8 mm, despite the To be able to compare the four gene expression levels in one figure, AMH, FSHR, AR and AMHR2 gene expression is multiplied by 1.000, 2.000, 5.000 and 20.000, respectively. Due to the low number of samples exceeding 8 mm in diameter, the differences did not reach statistical significance.
intrafollicular concentration of AMH drop compared with earlier stages . The number of granulosa cells per follicle and the volume of each follicle increase as the diameter increases and the collective output of AMH from each follicle then surprisingly turns out to peak at 8 mm despite intrafollicular AMH concentration being considerably lower than earlier on. Since AMH undergoes a tremendous dilution in circulation, the important parameter is the total content of AMH and not the intrafollicular concentration.
This peak in total follicular AMH content could also reflect an accumulation of AMH from earlier follicular developmental stages where AMH production was higher, but the present study demonstrated that the AMH gene expression in GC correlates positively with the intrafollicular AMH concentration and drops abruptly at a follicular diameter of 8 mm, which suggests that the peak of total follicular AMH content at 8 mm does not reflect an accumulation of AMH from earlier stages and in vivo modelling of three groups of follicles (i.e. ,5 mm, 5.1 -8 mm and .8 mm) closely supports these direct observations clearly demonstrating that follicles 5.1-8 mm contribute the most to the AMH concentration found in circulation. While the 5.1 -6 mm cohort appeared the most important contributor, this may in part reflect the lower power of the analysis at the single-mm level of resolution and the relative abundance of follicles of this size as shown in the present study. Taken together, the present study strongly suggests that the circulating concentration of AMH is mostly influenced by the presence of follicles with diameters of 5-8 mm, which contribute 60% of serum AMH. Although smaller follicles have been reported to show the most intense immunoexpression of AMH (Weenen et al., 2004) , this analysis suggests that the cohort of follicles of ,5 mm diameter contribute no more than 25% of serum AMH probably due to a reduced number of granulosa cells.
The functional implications of this include that the biological activity of AMH within and around a follicle is dynamic and is likely to decrease abruptly at around 8 mm of diameter. The present study also found a significant negative association between both AMH gene and protein expression on one side and the intrafollicular estradiol concentration and CYP19a1 expression on the other. These results confirm and extend previous studies showing similar negative effects of AMH on estradiol production and CYP19a1 expression in human GC (Grossman et al., 2008; Nielsen et al., 2010; Pellatt et al., 2011) and comparable data from large animal models (Rico et al., 2009; Monniaux et al., 2011; Campbell et al., 2012) . One of the most variable features of human ovaries in relation to age is the number of small antral follicles, which is high in the younger years and declines towards menopause Which follicles make the most AMH?
illustrating the now well-established relationship to the concentration of AMH as measured in circulation. Despite this variation in the number of small antral follicles with age, the ovaries are capable of producing one pre-ovulatory follicle each menstrual cycle with high precision throughout most of the reproductive years. There exists a fine-tuned and delicate balance between the estradiol output by the pre-ovulatory follicle and gonadotrophin secretion by the pituitary to ensure that ovulation takes place at the right time (Baird, 1983) . The variable number of small antral follicles does not appear to influence this delicate balance, mainly because they only secrete estradiol in small amounts. Based on the present and previous studies, it is suggested that one physiological function of AMH is to ensure that each small antral follicle produces little estradiol prior to selection (i.e. leading up to a follicular diameter of 8 mm) and therefore does not interfere with the ovarian/pituitary dialogue regulating the development of the selected follicle that will undergo ovulation.
This study also showed that the gene expression of AMH in GC is highly significantly associated with the expression of FSHR, AR and AMHR2, and inversely with the concentrations of estradiol, progesterone and testosterone in the corresponding follicular fluid. The highly significant association between AMH and AMHR2 expression in GC suggests that ligand and receptor are involved in autocrine mechanisms that may affect follicle development. This is further supported by the observation that AMHR2 and FSHR are significantly associated (Nielsen et al., 2010) .
To the best of our knowledge, this is the first study where a highly significant positive correlations between the gene expression of AMH and the expression of FSHR, AR and AMHR2 have been shown in GC from human small antral follicles. A positive correlation between AR expression and mitosis in GC from antral primate follicles and an inverse correlation between AR gene expression and GC apoptosis have been demonstrated (Weil et al., , 1999 . Healthy follicles thus have a high AR expression, consistent with in vivo data that androgen treatment promotes early follicle growth in primates . Considering these findings, the highly positive association between AMH and AR in the present study may indicate that AMH expression is linked to follicular health and GC proliferation, which provides further evidence supporting this suggestion . Further, Weenen et al. (2004) showed that AMH is expressed predominantly in GC of healthy human small antral follicles and that atretic follicles lacked AMH protein expression (Weenen et al., 2004) . Low or absent follicular expression of AMH has been linked to atresia in mouse follicles (Durlinger et al., 2001 (Durlinger et al., , 2002 . In this study we were not able to distinguish whether the correlations between AMH gene expression and FSHR, AR and AMH-R2 gene expression are an effect of follicular health and/or follicular size. In mice, AMH appears to inhibit progression of pre-antral follicles to the early antral follicle stage by reducing FSH sensitivity of the follicles (Durlinger et al., 2001 (Durlinger et al., , 2002 and recent data suggest that AMH also inhibits ovine, porcine and human GC responses to FSH (di Clemente et al., 1994; Pellatt et al., 2011; Campbell et al., 2012) . The present study was unable to address the regulation of early recruitment of follicles, but at the antral stage of human follicular development, there is a strong positive association between gene expression of AMH and FSHR, confirming the results of earlier studies (Jeppesen et al., 2012a, b) . The mechanism involved in this interrelationship is not revealed by the present study and could potentially in principle be unrelated, but potential mechanisms include inhibition of AMH by FSH or that AMH indirectly results in an increase in the expression of FSHR through a rise in androgen levels (Weil et al., , 1999 , because of a decrease in CYP19a1 expression. The rise in AMH and FSHR expression observed here and in earlier studies until follicles selection (8 mm in diameter) (Jeppesen et al., 2012a, b) seems to be a reflection of a delicate balance between the rising of FSHR expression until selection and the decrease in expression of FSHR in follicles larger than 8 mm in diameter. The negative association between the concentration of AMH (FF) and the expression of CYP19a1 in the corresponding GC found in this study confirms and expands previous results (Andersen and Byskov, 2006; Grossman et al., 2008; Yding Andersen et al., 2008; Pellatt et al., 2011) and supports the suggestion that a possible major role of AMH within small follicles is to prevent premature estrogen production. Results from cultures of human GC from preovulatory follicles also showed that AMH caused a down-regulation of CYP19a1 at both gene and protein levels (Grossman et al., 2008; Pellatt et al., 2011) . In the present study we were unable to demonstrate a significant association between AMH expression and CYP19a1 expression, but there was a strong negative relationship between follicular fluid estradiol and AMH expression, i.e. indicating that once follicles have become estrogenic, AMH production is suppressed, perhaps directly by estrogen.
The in vivo modelling data show striking concordance with the direct measurements obtained in vitro and support the concept that AMH is involved in a switch between the small antral, preselection stages of folliculogenesis and follicles selected for further growth. The close correlation between serum AMH and AFC is well recognized (La Marca et al., 2010; Anderson et al., 2012) , and both give good prediction of the ovarian reserve whether measured functionally as the follicular response to ovulation induction (Seifer et al., 2002; Andersen and Byskov, 2006) or histologically as primordial follicle population (Hansen et al., 2011) . There is, however, no consensus on whether the total AFC or subsets within the 2-10 mm range should be assessed. Few studies have tried to assess with greater precision which follicles are the main contributors to AMH concentrations, although that might help the precision of prediction of the ovarian response in IVF. In bovine it has recently been shown that the small antral follicles (3 -7 mm in diameter) contribute the most to the circulating AMH concentration (Rico et al., 2009 (Rico et al., , 2011 Ireland et al., 2011) . In a previous analysis (Jayaprakasan et al., 2010) we demonstrated that there were significant correlations between the number of follicles in each of the single-mm increment groups (2.1 -8 mm) with serum AMH. A more significant correlation between 2.1 -5 mm to serum AMH was observed. In that study the number of follicles within each group was analysed independently of the rest of the follicles present. In the present analysis we further take the woman's whole follicle cohord into account when correlating with serum AMH, which is the key novelty of the present modelling. We here demonstrate that circulating AMH was strongly associated with the number of 5.1 -8 mm follicles, with a weaker association with the number of follicles smaller than that, and no association with the number of larger (.8 mm) diameter follicles. This analysis cannot assess the possible contribution of pre-antral follicles but the much weaker apparent contribution of small than medium-sized follicles and the much smaller number of granulosa cells in pre-antral follicles (McNatty et al., 1979; Gougeon, 1996) suggests that this is likely to be of little importance. We calculate that 60% of measured AMH is produced by 5.1 -8 mm follicles, 20-25% by 2.1 -5 mm follicles and 15-20% by .8 mm follicles.
In conclusion the present study showed a significant positive correlation between the expression of AMH in GC and AMH levels in the corresponding follicular fluid, suggesting that local AMH concentrations reflect contemporaneous production. Further, the circulating concentrations of AMH reflect the actual constitution of follicles in the ovaries, predominantly those 5-8 mm in diameter. We propose that high AMH production within a follicle is likely to be part of the mechanism suppressing estrogen production by that follicle and that the abrupt decline of AMH production at diameters above 8 mm is functionally linked with increased estrogen production and selection of the pre-ovulatory follicle.
